Monoclonal antibody (MAb) E-13 to human cytomegalovirus is used widely for diagnostic and fundamental studies, and has been shown to be directed against an immediate early (IE) protein(s). To determine which viral antigen is detected by MAb E-13, four subfragments from the open reading frame encoded by exons 2, 3 or 4 of |E-1 were cloned in the bacterial expression vector pROS. The resulting fusion proteins contained amino acids 77 to 491 encoded by mainly exon 4, amino acids 25 to 78 encoded by exon 3, amino acids 1 to 85 encoded by exons 2 and 3, and amino acids l to 24 encoded by exon 2. The reactivity ofMAb E-13 with the fusion proteins was assayed by Western blotting. MAb E-13 was shown to react exclusively with proteins encoded by exon 2 and therefore recognizes IE proteins which contain the N-terminal amino acid sequence encoded by exon 2, namely the major 72K |E protein, the 82K to 86K IE-2 protein and the 52K to 55K IE-2 protein. MAb E-13 can be used to detect both IE-1-and IE-2-encoded proteins, which share the polypeptide encoded by exon 2.
Human cytomegalovirus (HCMV) has been implicated in a wide spectrum of clinical disorders, is the main cause of congenital virus infections and is an important cause of severe opportunistic infections in the immunocompromised host, especially bone marrow and solid organ recipients and those with AIDS.
Rapid diagnostic procedures use a combination of tissue culture, low-speed centrifugation and monoclonal antibody (MAb) to an immediate early (IE) antigen to detect HCMV infection as early as 16 h post-inoculation.
The IE genes are identified by their transcription in the absence of prior viral protein synthesis; this is limited to a few distinct regions of the HCMV genome. Once the IE genes are expressed, transcription occurs extensively throughout the viral genome. Two transcription units have been identified and designated IE-l and IE-2 (Stinski et aL, 1983) . Expression of IE-1 and IE-2 is under the control of a strong promoter-enhancer (Boshart et al., 1985; Thomsen et al., 1984) . IE-1 encodes an mRNA of 1-95 kb that consists of four consecutive exons (Stenberg & Stinski, 1985) . The first three exons of IE-1 can be alternatively spliced to a downstream fifth exon; this is designated the IE-2 transcription unit. IE-2 encodes a series ofmRNAs of 2.3, 1-7 and 1.5 kb (Fig. 1) . Since the translation initiation codon is in exon 2, IE-1 and IE-2 have the same N-terminal 85 amino acid sequence encoded by exons 2 and 3 (Stenberg & Stinski, 1985) . The IE-1 protein, which is referred to as the major IE protein, consists of 491 amino acid residues, is heavily phosphorylated and is moderately acidic . The largest IE-2 protein consists of 579 amino acid residues and is also phosphorylated (Hermiston et al., 1987) .
MAb E-13 to IEA (Biosoft), also called M-810 (Chemicon), is widely used as a diagnostic tool for detecting HCMV-infected cells in culture (Mazeron et al., 1984; Alpert et al., 1985; Boland et al., 1990; Lautenschlager et al., 1989; MacKenzie & McLaren, 1989) and paraffin-embedded tissue section (Van der Loos et aL, 1989; Said et aL, 1991; Spatz et al., 1990) . Therefore, it is important to determine which viral antigen is detected by MAb E-13. Subfragments from the open reading frames encoding the IE proteins were cloned into a bacterial expression vector. The reactivity of MAb E-13 with the resulting fusion proteins was assayed by the Western blot procedure.
The production of MAb E-13 (IgG1) has been described previously (Mazeron et al., 1983) . It reacts with an IE nuclear antigen induced in HCMV-infected cells, as demonstrated by its immunostaining of the nucleus of HCMV-infected MRC5 cells blocked using cycloheximide and subsequently actinomycin-D.
For expression cloning, the vector pROS was used (Ellinger et al., 1989) . The vector contains the sequence encoding amino acids 1 to 375 of the bacterial fl-galactosidase protein under homologous promoter
plE1-AAC control. The location of the DNA clones is shown in Fig.  1 . Plasmid plE I-AAC was constructed by ligating an AvaI-AccI subfragment of cDNA clone pJDO83, kindly provided by Jon Oram, Porton Down, U.K. (Akrigg et al., 1985) , into the Sinai site of the vector pROS. Protruding ends were filled in with T4 DNA polymerase before ligation. The resulting fusion protein, having an apparent M r of 97 000, contains amino acids 77 to 491 of the IE-1 protein (Akrigg et al., 1985) of HCMV strain AD169. Plasmid pIEAVA3 was cloned by isolating an AvaI subfragment from clone pJDO83, filling in recessed ends and ligating into the Sinai site of the vector pROS. The resulting fusion protein, having an apparent M r of 51000, contains amino acids 25 to 78 encoded by IE-1 exon 3. Plasmid plE-EX23 was cloned using the polymerase chain reaction (PCR). The 5' primer used contained viral sequences from nucleotides 138 to 156 with respect to the transcription initiation site of exon 2. Sequences encoding a Sail site were located 5' to this. The 3' primer contained viral sequences from nucleotides 394 to 377 of the complementary strand. Sequences encoding a HindlII site were located 5' to this. The PCR was carried out using 35 cycles of denaturation at 94 °C for 40 s, annealing at 47 °C for 30 s and elongation at 72 °C for 1 min. The resulting fragment was gel-purified and eluted from the gel with glass milk (Geneclean, Bio 101), and ligated into SalI-and HindlII-cleaved vector pROS. The fusion protein, with an apparent Mr of 57 000, contained amino acids 1 to 85 of the IE proteins encoded by IE-1 exons 2 and 3. Clone plE-EX2 was constructed by deleting exon 3 coding sequences in plE-EX23 by using AvaI and StuI. The AvaI end was filled-in and the construct was religated. The resulting fusion protein, of apparent Mr 49000, contained amino acids 1 to 24 encoded by IE-1 exon 2. The plasmids were transformed into Escherichia coli JK50 (Kadonaga et al., 1987) , and fusion proteins were induced and purified as described previously (Chee et al., 1989) .
Fusion proteins and lysates of mock-infected human fibroblast cells were subjected to SDS-PAGE in a 10~ slab gel. Lysates of fibroblasts infected with HCMV AD169 strain at a multiplicity of 1 were prepared 72 h post-infection as described by Goldstein et aL (1982) and also subjected to SDS-PAGE. Proteins were electrophoretically transferred to nitrocellulose filters which were incubated with MAb E-13 ascitic fluids diluted 1:100 or 1:400 in PBS overnight at -4 °C. After three washings in PBS containing 0-19/o Tween 20 on a rocking platform, horseradish peroxidase-conjugated anti-mouse IgG (Sigma) was added for 1 h at 37 °C. After extensive washing as described above, staining was done by incubation with 4-chloro-l-naphthol/H202 (Sigma) for 1 min and then 3,3'-diaminobenzidine tetrahydrochloride/H202 (Sigma) for 10 min.
As shown in Fig. 2 , MAb E-13 reacted with three proteins from the lysate of HCMV-infected fibroblasts and failed to react with any protein in the mock-infected cell lysate. The positions of the three bands correspond to Mrs of about 86K, 72K and 50K. The band of 72K is a doublet. The results of the experiment performed with fusion proteins are presented in Fig. 3 . MAb E-13 reacted strongly with a protein of about 57K from IE-EX23 protein preparations. With the enriched fusion protein IE-EX23 preparation, a weaker reaction with a protein of about 50K was also seen; this is due to degradation of the fusion protein. MAb E-13 also recognized the 49K protein from the IE-EX2 fusion protein preparation. No band was observed with a mockinfected cell preparation, lysates of E. coli harbouring expression vectors piE 1-AAC and plEAVA3, or a crude lysate of E. coli harbouring the expression vector without a viral insert. The same pattern was observed when MAb E-13 dilutions of 1:100 or 1:400 were used. MAb E-13 did not recognize proteins encoded by exons 3 or 4 of HCMV IE-1, but reacted exclusively with proteins encoded by exon 2. HCMV IE-1 and -2 encode a series of proteins that originate from differentially spliced mRNAs. The major 72K IE protein, the 82K to 86K IE-2 protein and a less abundant IE-2 protein of 52K to 55K share the N-terminal amino acid sequence encoded within exon 2. As MAb E-13 reacts with proteins with apparent MrS of 86K, 72K and 50K, it is likely to recognize these IE-1 and IE-2 proteins. MAb E-13 would not detect the 40K IE-2 protein, which is encoded by exon 5 of the IE-2 region.
The IE-1 protein is the predominant IE gene product synthesized in infected cells within 1 h after infection . The protein accumulates primarily in the nucleus of cells and associates with metaphase chromosomes (LaFemina et al., 1989) . Although IE-1 transcript levels peak between 5 and 8 h post-infection, protein products continue to accumulate throughout infection (Stenberg et al., 1989) . The 86K and 52K to 54K IE-2 proteins are expressed immediately after infection and are transported to the nucleus of infected cells (Otto et al., 1988) . These IE-1 and IE-2 proteins exert important regulatory functions by acting in trans on elements such as promoters and enhancers. The IE-1 protein is capable of trans-activating the major IE promoter (MIEP) to enhance expression of IE-1 and IE-2. The largest IE-2 protein represses the MIEP, down-regulating its own expression as well as that of IE-1 (Cherrington et al., 1991; Pizzorno & Hayward, 1990; Liu et al., 1991) ; this repression is modified by the 72K IE-1 protein (Stenberg et al., 1990) . The early El.7 promoter is activated by IE-2, but not by IE-1 (Malone et al., 1990; Chang et al., 1989) , but IE-1 and IE-2 are synergistic for activation of E 1.7. IE-1 and IE-2 together are required to trans-activate the early late pp65 lower matrix protein promoter (Depto & Stenberg, 1989) . The multiple functions of the IE-2 proteins are likely to be critical elements of both productive and latent infection with HCMV. In productively infected cells, IE proteins are expressed at different levels throughout the virus replication cycle. Therefore they are a target of choice for detecting infected cells by the use of immunocytochemical procedures. IE proteins can be detected in different latently infected cells in vivo, as reported by Torkey & Carrigan (1989) . Moreover, IE proteins are expressed in some non-permissive human and non-human cell lines (LaFemina & Hayward, 1988) . Cellular differentiation is a crucial factor for the induction of HCMV gene expression. Human teratocarcinoma stem cells are non-permissive for HCMV. However, differentiation induced by retinoic acid treatment permits expression of IE proteins (G6nczol et al., 1984; LaFemina & Hayward, 1986) .
IE proteins are a marker of HCMV infection. Therefore, an MAb to several IE proteins is a useful tool for diagnostic and fundamental studies. As we have shown here, MAb E-13, which is widely used for both purposes, reacts with an epitope on proteins encoded by exon 2 of HCMV IE-1. Thus, this MAb can be used to detect both IE-1-and IE-2-encoded proteins, which share the polypeptide encoded by exon 2.
